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SAXTON'S 
LOGS  FOR  FOUR-PLACE  WORK. 


Many  Engineers  and  Contractors  fail  to  re- 
alize the  sufficiency  of  Four-place  Work  for  a 
large  part  of  their  computations,  and  many  neg- 
lect logarithms  in  such  work  because  as  Tables 
are  built  much  that  might  be  gained  by  their 
use  is  lost  in  a  fumbling  search  for  each  loga- 
rithm and  antilogarithm. 

This  book  is  designed  to  make  four-place 
work  with  four-place  logarithms  easy  and  rapid, 
and  incidentally  to  show,  by  numerous  illus- 
trations, about  what  may  be  expected  of  such 
work. 

The  table  can  be  opened  at  once  to  any  four- 
place  number,  its  logarithm  and  the  logarithm 
of  its  reciprocal :  or  to  the  antilogarithm  of  any 
given  logarithm. 

Unnecessary  figures  have  been  omitted  and 
large  type  is  used.  Small,  closely  packed  fig- 
ures are  not  picked  up  easily,  and  pages  of  such 
are  wearisome  to  the  eye. 

The  figures  are  spaced  to  suggest  reading  log- 
arithms thus:  .302-8,  .468-2;  using  the  group- 
ing which  seems  safest  for  four-place  logs. 

There  are  many  cases  where  the  difference  in 
the  fourth  place  is  less  than  one  for  two,  or 
three,  adjacent  numbers.  Thus  .9441  is  the 
nearest  four-place  log  for  8792  and  8793  and  so 
it  may  be  used  for  either.  One  log  in  each  of 
these  groups  is  followed  by  an  asterisk  marking 
the  best  approximation.  When  the  antilog  is 
wanted,  take  the  "number"  on  the  line  of  the 
asterisk. 

The  logarithm  of  the  reciprocal  of  a  number 
may,  of  course,  be  got  by  subtracting  the  log  of 
the  number  from  0.0000  (the  log  of  1).  But 
there  is  a  gain  in  time  and  effort,  with  a  dimi- 
nution of  the  chances  of  error,  afforded  by  the 
third  column  of  this  table,  from  which  the  log 
of  the  reciprocal  may  be  directly  read. 

The  substitution  of  the  log  of  the  reciprocal 
for  the  log  of  the  number  for  all  divisors  always 
simplifies  operations,  and  it  is  distinctly  labor- 
saving  when  one  can  be  read  off  as  easily  as  the 
other.  It  is  attended,  too,  with  some  reduction 
of  the  principles  to  be  remembered,  the  subtrac- 
tion of  logarithms  being  entirely  eliminated. 
The  examples  following  will  make  these  things 


clear.  It  will  he  noticed  that  all  operations  are 
monotonously  simple  and  that  the  rules  involved 
are  few  and  easy  of  application.  Work  with 
this  table  soon  becomes  nearly  mechanical. 


In  four-place  work  neglect  (drop)  five  or  less 
in  the  fifth  and  succeeding  places  and  for  more 
than  five  add  one;  reading  "4199."  for  4199.5 
and  "4200"  for  4199.501,  and  for  musing  3.142 
for  3.14159265,  &c. :  and  this  without  regard  to 
the  position  of  the  decimal  point,  for  the  per- 
centage of  error  is  the  same  when  419,900.  is 
taken  for  419,950.  as  when  .04199  is  used  I'm- 
.041995. 

It  is  advisable  to  stamp  your  pages  of  four- 
place  work  f  pw  with  a  rubber  stamp,  that 
occasional  small  inaccuracies  in  the  fourth  place 
may  be  expected,  and  understood,  by  anyone 
checking  or  revising. 


There  are  places  for  precision  carried  far,  and 
with  ahsolute  accuracy  to  the  limit  set.  It  is 
not  easy  in  good  set  terms  to  distinguish  in  a 
general  way  between  such  and  that  large  part 
of  our  work  where  precision  is  of  minor  impor- 
tance and  a  rational  accuracy  everything.  The 
attempt  will  not  be  made  here. 

The  "  trial  balances "  of  the  book-keeper 
must  balance  absolutely.  Vouchers  and  final 
estimates  must  be  "  extended "  to  the  nearest 
cent.  But  these  things,  among  others,  seem  to 
be  in  another  case,  and  fairly  in  the  field  of 
four-place  work :  Estimates  for  bids,  and  pre- 
liminary estimates  generally;  monthly  esti- 
mates, "  extensions  "  and  all ;  the  quantities  of 
almost  any  final  estimate ;  analyses  of  the  cost 
of  work,  or  of  operation. 

The  useful  habit  of  distinguishing  sometimes 
grows  slowly,  after  the  intelligence  is  awakened. 
It  cost  the  writer  an  effort  (long  ago)  to  stop 
dividing  millions  and  trailing  thousands  of  dol- 
lars and  cents  by  comet-tailed  millions  of  car- 
miles  to  get  cents  and  very  small  fractions  of 
cents  per  car-mile,  after  Engineering  News  had 
convinced  him  of  the  futility  of  it.  It  is  more 
than  half,  perhaps,  a  rooted  aversion  to  any  ap- 
pearance of  slovenliness  in  our  tracks:  like 
2.938  cents  for  2.937.  "  For  this,  amongst  the 
rest,"  was  the  rubber  stamp  ordained. 


Expositions  of  the  theory  of  logarithms,  and 
of  the  rules  of  their  use,  are  within  reach  every- 
where, and  space  is  used  here  only  for  illustra- 
tions of  f  pw,  with  such  incidental  reminders 
of  the  rules  involved  as  may  be  needed  by  those 
not  in  the  habit  of  using  logarithms. 


ILLUSTRATIONS 

OF 

Four -Place  Work  with  Four-Place  Logarithms* 


l  Number. 

Its  Logarithm. 

Logarithm  of 

the  Reciprocal  o: 

the  Number. 

9750. 

3.9890 

I"0110 

975. 

2.9890 

:10110 

87.fi 

1.9890 

2T0110 

9.75 

0.9890 

1.0110 

.975 

L9890 

0.0110 

.0975 

2.9890 

1.0110 

.00975 

3.9890 

2.0110 

For  any  of  these  the  Number  turned  to  in  the 
Table  is  9750,  opposite  which  Avill  be  found 
9890,  the  Mantissa  (decimal  part)  of  the  Log- 
arithm, and  0110  the  Mantissa  of  the  Log- 
arithm of  the  Reciprocal,  of  9750. 

The  rule  determining  the  Index  (or  Charac- 
teristic) of  a  Logarithm  is  apparent  in  the  Table 
above.  It  may  be  well  to  say,  however,  that  for 
the  Index  of  the  Logarithm  of  the  Reciprocal  of  a 
X amber  we  add  +  1  to  the  appropriate  Index  of 
the  Number  and  (then)  change  the  sign :  vnth  th  is 
exception  to  be  rioted:  The  Logarithms  of  the  Re- 
ciprocals of  .01,  1.,  10.,  100.,  &c,  are  the  same 
as  the  Logarithms  of  those  numbers,  with  a 
change  only  of  the  signs  of  the  Indexes.     Thus : 


Log         .001 

Recip  of  .001 

Log  100. 

Log  of  Recip  of  100. 

Log        1000. 

Log  of  Recip  of  1000. 


=  o.OOOO 

1000.  and  its  log  =  3.0000 

=  2.0000 

=  2.0000  (instead  of  3) 
=  3.0000 
=  3\0000  (instead  of  I)' 


The  Mantissa  is  "  positive,"  and  through  all 
operations  it  should,  be  kept  positive.  The  Index 
may  be  either  "  positive  "  or  "  negative,"  and 
when  it  is  negative  the  minus  sign  is  written 
above  it. 


the  examples  following,  Recip.,"  or 
"  R.,"  will  be  used  as  an  abbreviation  for  Log- 
arithm of  the  Reciprocal  of. 


MULTIPLICATION. 

(1)     828.4579  X  6.273512 


log  828.5 
"  6.274 

% 

=  2.9183 
0.7975 

Sum, 

=  5198. 

for  5197.3405  -  ■ 

Error,  .013  of  1 

3.7158 

'Open  at  82  and  62  on  the  index  for  the  log.'* 
of  the  factors.  To  find  the  "  antilogarithm  " 
of  .7158  open  at  the  next  lower  log  showing  on 
the  index,  which  is  7076,  and  opposite  7158* 
in  the  column  L  read  5198  in  column  N. 
BST Attention  is  called  at  the  outset  to  the  safety 
with  which  such  factors  as  these  may  be  cur- 
tailed when  a  four-place  approximation  only  is 
required. 

(2)     975.4828  X  8.43726 


log  9755 

=  .9892 

"  8437 

.9262 

Sum, 

.9154 

=  8230. 

for  8230.402  -  - 

Error,  .005  of  1 

% 

»®"In  multiplication  and  division  the  indexes 
only  serve  to  place  the  decimal  point  in  the  re- 
sult, and  they  should  be  omitted  where  the 
point  can  be  placed  by  inspection  of  the  factors. 
Here  there  is  no  uncertainty  as  to  whether  the 
product  of  ' '  about  a  thousand  by  eight ' '  is  823. , 
8230.,  or  82300. 

(3)     8756.85  X  .283 

log  8757.  =  3.9424 

"    .283  1.4518 


Sum,  3.3942 

—   2478. 

for  2478. 68S  -  - 

)ne  positive  carried  from  the  mantissa 
added  to  3  positive  in  the  index  makes  ~r  4,  to 
which  adding  1  negative  we  get  -+-  3  for  the 
index  of  the  sum  of  the  logarithms. 
9^* Here,  too,  the  indexes  are  not  needed,  for 
"about  a  quarter  of  9000."  is  obviously  not 
247.  or  24780. 


(4)     .34286  X  .0056282 


log 

.3429 

i  I 

.005628 

Sum, 

= 

.001930 

for 

.00192968  -  - 

=  1.5352 
3. 7504 

3.2856 


(5)    6.  X  3.29  X  15.63  X  24.82 


log  6 

=  .7782 

u   339 

.5172 

"    1563 

.  1940 

"    2462 

.3948 

Sum, 

.8842 

=   7659. 

for  7657.868  -  - 

(6)    1356.79  X  2.468  f       »4»- 

{  for  3348.557 


(7)    3252.49  X  3.513 


«(9) 


11430. 
for   11425.997  -  - 
L  Error,  .036  of  1  % 


(8)     547.95  X  102.8  56390. 

for  56329.260 


1   Error, 

.017  of  1  % 

DIVj 
145,236.  h- 8.4 

log       145,200. 
Recip  6.4 

SIGN. 

=  5.1620 
1.0757 

Sum, 

=    17290. 

for  17290. 

4.2377 

As  we  are  i>sing  in  tlie.se  examples,  through- 
out, the  Log  of  the  Reciprocal  of  the  Number 
(taken  from  the  third  column  of  table)  for  nil 
divisors  we  uniformly  add  the  logs  of  the  factors 
for  the  log  of  the  result. 


(10)    38.  X  98.  X  1285.  _ 


1728  X  27 

log  38. 

=  1.5798 

"    98. 

1.9912 

"     1285. 

3.1089 

R     1728. 

47625 

"     27. 

2^5680 

Sum, 

2.0110 

=    lOlMi 

for  102.566  -  - 

$1,063,834.59  [operating  exp.] 

6,290,172.     [car-miles] 

log  1,064,000.  =  6.0269 

R    6,280,000.  7\2013 

8hhi,  L2282 

=   .1691 

for  16.9126  cents  per  car-mile. 


(12)     $1,063,834.59  [op.  exp.] 

36,2i8,807.    [passengers] 

log    1,064,000.  =  6.0269 

R    36,220,000.  8.4411 

Sum,  274680 

=    .02937,  or  .02938 

for    2.937  cents  per  passenger. 

JStesTln  all  such  cases,  working  in  familiar  quan- 
tities, and  solving  for  results  roughly  known, 
the  indexes  are  omitted  and  we  write : 


(13) 


log  1064 

=  .0269 

R    3622 

.4411 

.4680 

=  2.94  cents 

2222  -*-  .00005828 

log  .02222 

=  2. 3467 

R    .00005828 

4.2345 

Sum, 

2.5812 

=  381.2 

for  381.263 

(14)    64,309,369,236.  f        7372. 
8,723,463.       [  for  7372. 


(15)     9,876,543. 
1,234,567. 


(16)     1357911. 
987654. 


f  7.997 

for  8.000 
L    Error,  .038  of  1  % 

f  1.375 

[    for  1.37488  -  - 


INVOLUTION. 

'-  Notice  that  in  Involution  the  indexes  though 
not  necessary  where  the  exponent  is  a  whole 
number  are  a  good  protection  against  error, 
especially  where  high  powers  are  involved. 


(17) 

2,799 

log  2.79 

X    2 

=  7.784 
for7.7S41 

=  0.4456 

=  0.8912 

(18) 

.2562 

log  .256 

X   2 

=  .06552 
for  .065536 

=  1.4082 

=  2^8164 

(19) 


.06963 

log  .0696 

X   3 

=  .0003371 

for  .0003371535  -  - 


=  2.8426 
=  4.5278 


'Observe  that  on  multiplying  the,  positive, 
mantissa  .8426  by  3  we  have  2,  positive,  to 
carry.  3  X  2  =  6,  to  which  adding  +  2  carried 
we  get  4.  for  the  index  to  be  prefixed  to  .5278. 


(20) 

92.39 

8519. 
for  8519.29 

(21) 

28.33 

22670. 
for  22665.187 
Error,  .021  of  1  % 

(22) 

57.33 

188,200. 
for  188,132.517 
Error,  .036  of  1  % 

(23) 

8.35 

39400. 
for  39390.40  -  - 

EVOLl 

moN. 

BSfln  Evolution  the  indexes  should  be  written, 
and  in  cases  like  examples  25  and  26  it  will  be 
noticed  the  index  cannot  be  dispensed  with. 


/  21316. 
log  21,320. 

=  4.3288 

-f-    2 
=    146. 
for  146. 

=  2.1644 

/  814,780,504. 

log  814,800,000. 

==  8.9111 

H-     3 

=    934.1 
for  934. 

=  2.9704 

/  .550564 
log  .5506 

=  1.7408 

=*.    2 
=  .742 
for  .742 

=  L8704 

JSTTo  divide  a  log  having  a  negative  index  which 
is  not  an  exact  multiple  of  the  divisor,  add  to  the 
index  the  least  negative  number  which  will 


make  it  exactly  divisible,  and  prefix  the  same 
number,  positive,  to  the  mantissa,  and  then  g 
divide  the  new  index  and  new  mantissa  as  if  i 
separately.  In  the  example  — 1.  is  added  to  1 
the  index  and  +  1.  to  the  mantissa,  so  that  ] 
we  have  for  the  index  of  the  result  2-^2  =1.  J 
and  for  the  mantissa  1.7408  -J-  2  =  .8704. 


(27)    °^  .004,219,140,959,375 

log  .004219  =376252 

-h    5  1.5250 

=    .335 
for  .335 

lOTSee  rule  under  last  example. 


(28)    ^605,284. 


(29)    '^939. 


(30)    :\/ .408,518,488 


778. 

for 

778. 

9.793 

for 

9.7924 

.742 

for 

.742 

INVOLUTION  AND  EVOLUTION  AP- 
PLIED TO  VULGAR  FRACTIONS. 

<31)      (l650) 

log  550.  =  2.7404 

R     1650.  4.7825 


Sum,  1.5229 

X    2  =L0458 

=   .1111 
for(i)2  =  i 


(32) 


/1650 
V563; 


V 


log  1650.  =  3.2175 

K   563.  3^2495 

Sum,  0.4670 

X  4  1.8680 
=  73  79 
for  73.773-- 


(33)    V 


29 
32 


log  29.  =  1-4624 

R    32.  214949 

Sum,  1^9573 

-H-    2  =T.WW 


for  .95197 


(34)    V| 


log  15. 
It    32. 

Sum, 
-f-    3 
=   .77<iS 
for  .77681 


1.1761 
2T4949 

T.6710 

T.8903 


SQUARE  ROOTS  OF  FIFTH  POWERS. 


(35)     ^  6.75s 


log  6.75 
X    5 

-r-     2 

=  118.3 
for  118.38 


=  0.8293 
=  4.1465 
=  2.0732 


(36)     V30-5 


(37) 


(38) 


(39) 


log  30.5 
X    5 
■+■   2 
=  5137. 
for  5138. 


= 1.4843 
=  7.4215 
=  3.7107 


CIRCLES. 

Circum.  of  circle  71$  in  diam. 

log  71.62  =  1.8550 


3.142 


0.4972 


Sum, 

2.3522 

=  225.0 

for  225.017  - 

- 

Diam.  100|, 

circum. 

= 

log  100.4 

=  2.0017 

"    3.142 

.4972 

Sum, 

2.4989 

=  315.4 

for  315.34  -  - 

Area  of  circle  15|-  in 

diam. 

log  15.12 

=  1.1790 

x  2 

=  2.3592 

log  .7854 

L8951 

Sum, 
=   179.6 
for  179.67 


2.2543 


(40)    Area  of  circle  99.8  ft,  in  diam. 
log  99.  s  =  1.9991 

X    2  =3.9982 

log    7S54  L8951 


Sum, 

=   7S22. 
for  7822.59  - 


3.8933 


(41) 


- 


7jt2  = 

log  3.142 

X    2 

log  7 

Sum, 

=  69.10 

for  69.0872  - 

=  0.4972 

=    .9944 

.8451 

1.8395 


(42)  £/.* 


log  3.142 
-f-  3 

=  0.4972 

=    .1657 

log  8 
Sum, 

.9031 

1.0688 

=  11.72 

for  11.7167  -  - 

(43) 

8 

_3  — 

R  3.142 
X    3 

=  1.5028 

=  215084 

log8 

.9031 

Sum, 

1.4115 

=   .2579 

for .258012  -  - 

Is  we  are  using  Reciprocals  of  oil  divisors  the 
order  of  arrangement  of  the  factors  is  imma- 
terial and  we  may  conveniently  place  first  any 
factor  upon  which  involution  or  evolution  is 
indicated. 


(44) 


9 


■•« " 

R    3.142 

=  1.5028 

-r-  3 

=  T8343 

log  9 

.9542 

Sum, 

.7885 

=   6.145 

for  6.145057  -- 

MISCELLANEOUS  EXAMPLES. 

(45)     Required:   Contents,  in  U.  S.  Gallons,  of 
a  tank  6'  9"  in  diam.  and  5'  6"  deep. 
The  factors  are 


6.75  X  6.75 

X  .7854 

X 

5.5  X  1728. 

231. 

log  6.75 

=  0.8293 

a       a 

0.8293 

"    .7854 

1.8951 

"   5.5 

0.7404 

"    1728. 

3.2375 

R    231. 

3.6364 

Sum, 

3.1680 

=   1472. 

for  1472.3  - 

- 

(46)  Required :   Surface  of  a  cylinder  4i"  in 
diam.  x  11"  long,  in  square  feet. 

log  4.25  =    .6284 

"  3.142  .4972 

"   ll.  1.0414 

R    144.  ~3.8416 

Sum,  0.0086 

=   1.020 
for  1.020  -  - 

(47)  Required :   Surface  of  a  cylinder  f£"  in 
diameter  X  7"  long,  in  square  feet. 

13  X  *  X  7 


e  iaciors  ar 

c     16 

X 

144 

log  91. 

=  1.9590 

"    3.142 

0.4972 

R     16. 

2.7959 

"     144. 

3.8416 

Sum, 

1.0937 

=  .1241 

for  .1241  -  - 

«^°The  91  is  the  easy  product  of  13  and  7,  and 
it  saves  figures. 

(48)     Required:   Volume  of  a  sphere  29f"  in 

diameter,  in  cubic  yards. 

tz  X      29.753 
6  X  1728  X  27 
=  1.4735 


The  factors  are 

log 

29.75 

X 

3 

log 

3.142 

R 

162. 

ii 

1728. 

Sum, 

= 

.2956 

for 

29549-- 

=  4.4205 


0.4972  "J 
F7905  | 
£7625  J 

L4707 


"162  for  6  X  27  in  the  divisors. 

[ere  it  may  be  said,  for  all  such  cases,  if  a 
problem  of  this  sort  is  of  frequent  recurrence  in 
our  work  we  should  add  the  logs  bracketed,  get- 
ting 5.0502,  find  the  antilog  of  this  with  the 
Table,  viz.  .00001122  and  make  this  note: 
Vol.  of  Sphere  f  d  =  diam.  in  inches 

I  V  =  volume  in  cubic  yards 
V  =  .00001122  d3 
log     .00001122  =  5.0502 

and  the  next  case  being,  Vol.  in  cu.  yds.  of  a 
cylinder  78 \"  in  diam.,  the  figures  are 
log.  78.5  =  1.8949 

X    3  =5.6847 

constant  5.0502 


Sum,  0.7349 

=   5.431 


(49)     Required:   Cubic  yards  in  a  trench  3<s" 
x  71"  x  576  ft. 

Write  the  dimensions  which  are  expressed  in 
inches  as  feet,  thus,  ft  and  Q,  and  cancel  out 
where  you  can  so  save  figures: 

38x71x^K 
l£xHx~27^ 

log  38.  =  1.5798 

"   284.  2.4533 

R    27.  2.5686 


Sum,  2.6017 

=  390.7 

Or,  if  you  are  frequently  solving  expressions  in 

lxlxl 
this  form  find  the  log  of  — — — — — ,  which  is 

1Z  A    l^X^/ 

4.4102,  and  make  a  memorandum: 

Cubic  yards  per  foot  of  trench,  b  and  d  in  inches: 

St^-Log  b  +  log  d  +  J.4.IOS, 
and  solve  thus: 

log  38.  =  1.5798 

"  71.  1.8513 

"   576.  2.7604 

Constant,  14102 

2.6017 
=  399.7 

I®* Read  the  logs  of  two-place  numbers  from 
the  index,  without  opening  the  book. 


(50)     Required : 

Cubic  yards 

in  186,624,000 

cubic  inches: 

log  186,600,000. 

^8.2709 

R    1728. 

4.7625 

"    27. 
Sum, 

"2.5686 

3.6020. 

=  3999. 

for  4000. 

Error,  .02 

3  of  1  % 

(51)      Required:   Cu.  yds.  in  407,120,256.  cu. 

inches : 

log  407,100,000.  =  8.6097 

R  1728.  4.7625 

"   27.  "2.5686 


Sum,  3.9408 

=   8726. 
for  8726. 


(52)     Required :    Amount  of  $800.  at  5  % ,  com- 
pounded yearly  for  12  years. 

The  factors  are,  800  X  1.0512. 

log  1.05  -=0.0212 

X    12  =    .2544 

log  800.  2.9031 


Sum,  3.1575 

=- 1437. 
for  1436.69 


(53)  Am't  of  $500.  at  6  %  compounded  for  50 
years. 

log  1.06  =    -0253 

X    50.  =1.2650 

log  500.  2.6990 

Sum,  3.9640 

=    9204. 
for  9210.11 
Error,  .066  of  1  % . 

«®°  Where  Involution  is  carried  to  high  powers 
the  error  may  easily  exceed  what  appears  in  the 
last  two  examples,  as  any  inaccuracy  in  the 
four-place  log  is  greatly  magnified.  This  is 
illustrated  in  example  (54),  in  which  seven- 
place  logarithms  should  be  used  for  anything 
better  than  an  approximation. 

(54)  An  early  attempt  to  corner  rye,  and 

what  came  of  it,  may  be  seen  in  Blackstone,  Book 
II,  chap.  30,  footnote.  "In  consideration  of 
2s  6d  paid  and  £4,  17s,  6d  to  be  paid  defendant 
undertook  to  deliver  two  rye-corns  next  Mon- 
day, and  double  every  succeeding  Monday,  for 
a  year." 

The  sum  of  the  series  2  +  4  +  8  +  16 to 

and  including  the  fifty-second  term  is  2°3  —  2, 
or  2  less  than  2M. 

log  2=  0.3010 

X    53=  15.9530 

It  is  useless  to  translate  that.  An  as- 
tronomer cannot  realize  such  a  quantity. 
Defndt  knew  rye-corns  are  little  things 
and  he  probably  consumed  some  British 
twilight  in  making  sure  there  are  about 
19000  of  them  in  a  little  pound,  hummed  R  =  5.7212 
"Sing  a  song  o'  sixpence,  Pocket  full  o' 
rye,"  and  never  suspected  he  was  selling 
a  whole  British  ton  of  2240  lb— the  ' '  con-  R  =  476498 
sideration ' '  suggests  that — whereas  if  we 
foot  up  and  get  the 

sum  8.3240 

we  can  see  it  was  about  210,800,000.  long  tons. 

And  half  a  ton  was  probably  more  than  the  an- 
nual yield  per  acre,  for  contemporary  agricul- 
ture was  crude. — Consider  what  might  have 
been  saved  in  legal  expenses  by  dallying  with 
four-place  logs  before  signing  that  contract. 

Now  our  result  here  is  too  small  by  nearly  .4 
of  1  % .  We  should  use  seven-place  logarithms 
when  involution  is  carried  to  high  powers,  for 
the  reason  given  under  the  preceding  example. 


(55)    Cast  Iron  Water  Pipe.    Formula  for 

weight  per  foot.  Using  d  for  the  inside  diam . 
and  t  for  the  thickness  (both  in  inches),  assum- 
ing .26041b  for  the  weight  of  a  cubic  inch,  and 


adding  6i  %  to  distribute  the  weight  of  the  bell, 
we  have  for  the  weight  of  pipe  to  lay  one  foot 

w  =  3.142  (d  +  t)  t  x  12  x  .2604  x  1.065 


log  3.142 

=  0.4972 

"    12 

1.0792 

"    .2(504 

L4156 

"    1.065 

0.0273 

Sum, 

1.0193  =  10.45 

Formula :  w  = 

10.45 

(d  +  t)  t 

l®*w  (d  -f  t)  t  for  the  area  of  a  ring  is  more  gen- 
erally useful  perhaps  than  .7854  (D*  —  d2),  but 
I  do  not  see  it  in  any  of  the  "  Pocket  Books." 


JJSTMake  such  formulas,  for  the  things  you 
w< >rk  in.  A  small  page  of  them  will  often  save 
a  hunt  for  a  table  which  when  found  may  lack 
some  element  needed:  pipe  of  the  thickness 
called  for,  for  instance.  This  formula,  made 
to  fit  one  of  Kent's  tables,  is  probably  as  good 
an  approximation  as  can  be  given,  but  diam- 
eters and  thicknesses  of  cast  pipes  are  never 
exact  and  the  actual  weights  may  be  found  5  % 
more  or  less. 

(56)    Cast  Iron  Water  Pipes.    Weights 

per  foot,  by  the  formula  of  the  preceding  ex- 
ample, 

w  =  10.45  (d  +  t)  t 

10"  Pipe  .58"  thick  (for  a  head  of  250  ft.,  or  press. 
of  about  110  lb). 

log  10.45  =  .0191 

"   10.58  .0245 

"       .58  .7634 


Sum,  .8070  =  64  lb  per  foot. 

20"  Pipe  .74"  thick  (for  a  head  of  150  ft.,  or  press. 
(56  lb). 

log  10.45  =  .0191 

"   20.74  .3168 

"       .74  .8692 


Sum,  .2051  =  160  lb. 

30"   Pipe  .87"  thick  (head  100  ft.,  or  press,  abt. 
44  lb). 

log  10.45  =  .0191 

"   30.87  .4895 

"       .87  .9395 


Sum,  .4481  =  281  lb. 

EfeiT  Read  the  logs  of  the  tAvo-place  numbers  on 
the  index,  without  opening  the  book. 


(57)    If  lead  weighs  710  lb.  per  cubic  foot 

what  is  the  weight  of  a  strip  \"  thick  x  2l" 
wide  x  3»  ft.  long  ? 


Expressing  all  dimensions  in  feet  we  may  take 
for  the  factors, 

1  X  2.875  X  3.875  X  710. 
96  X     12 
or     1  X     23       X  31  X  710. 


96  X  8  X  12  X    8 
The  latter  form  sometimes  shows  chances  for 
condensation  hy  cancellation,  &c,  but  neither 
has  any  particular  advantage  here. 

log  23.  =  1.3617 

"    31.  1.4914 

"    710.  2.8513 

R    768.  3.1146 

"    96.  2.0177 

Sum,  0.8367 

=  6.866  ft) 

BSrRead  the  logs  [but  not  the  reciprocals]  of 

two-place  numbers  from  the  index. 

(58)  From  Castle's  Practical  Mathe- 
matics :  The  collapsing  pressure  of  a  certain 
flue,  in  pounds  per  square  inch,  is  expressed  by 

174000.  X  (|)2 
P  ~       33  X  V15 
To  find  the  value  of  P  begin  by,  mentally  or 
otherwise,  arranging  the  factors  in  this  form  : 
174000.        X  9. 
33.  X  l/W.X  64. 

converting  (|)2  into  tfV,  or  introducing  any  other 
obvious  simplification . 

See  note  under  example  (43). 

R    15.  =  2.8239 

f.4119 
2  4815 
2.1938 
5.2405 
0.9542 


-H 

2 

R 

33. 

it 

log 

64. 

174,000. 

9. 

Sum, 

=  191.4  =P 

2.2819 


(59)  From  Foster's  Electrical  Engineer's 

Pocket  Book:   The  most  economical  current 
density  for  boosted  feeders  in  a  certain  case  is 


V 


7  X  8.37  X  600  X  10.2  X  .0455  __  -0455=ffll  amp(,,fs 
^00  per  Sq.  jn- 

If  we  contemplate  this  as   [not  necessarily 
writing  it  out] 


V 


7  X  8.37  X  600  X  10:2  X  .0455 


100  X  .0455* 


and  do  a  little  cancellation,  &c,  mentally,  the 

rest  is: 

log  58.59  =1.7678 

"  61.2  1.7868 

R   .0455  1.3420 

Sum,  4.8966 

-s-  2  2.4483 
=   280.7 
for  280.725  -  - 


(60)    The  multiplication  of  a  log  with  a 

negative  index  by  a  mixed  number  presents 
some  difficulties. 

Solve  .32812-45  [=  .06519] 

log  .3281  =1.5160 

One  way  of  performing  the  multiplication  re- 
quired is  this:  Bear  in  mind  that  the  man- 
1.5  1  6  0       tissa  must  be  kept  positive,  and 
2.4  5       note  that  all  of  the  figures  in 
3.5  8  0  0       tnese  vertical  rows  which  are 
2.0  6  4  0          no^  marked  negative  are  posi- 
1~0  3  2  0            ^ve*     ^ne  case  select*d  is  one 

= embodying  all  of  the  complica- 

2.8  1  4  2  0  0      tiong  which  occur> 

A  second  way : 

.5160  X  2.45  =       1.2642,  all  positive 
T.        X  2.45=  —2.45    ,  all  negative 

Sum,  2.8142 

Note  that  we  cannot  add  —  45  to  4-  26  be- 
cause the  sum  would  be  negative  (and  the  man- 
tissa must  be  kept  positive)  and  we  therefore 
add  —45  to  -4-  1.26  getting  +  .81  for  the  re- 
quired figures  of  the  mantissa. 
A  third  way  : 

Instead  of T.5160  write      0.5160  — 10. 


Multiplied  by  2.45,  23.3142  —  24.5 

—  24.5000,  all  negative 

Sum,  =  £8142 

8®" Attention  is  called  to  note  under  ' '  second 
way."  After  adding  —  .50 to  -f-  1.31,  getting 
+  .81,  we  have  left  +  22.  to  add  to  — 24.,  giv- 
ing 2.  for  the  index. 

A  fourth  way;  in  which  instead  of  multiplying 
by  2.45  we  multiply  by  245.  and  divide  the 
product  by  100. 


.5160  X  245. 

=  126.4200,  po 

1.      X  245. 

=  —  245.        ,  ne 

Sum, 

119.4200 

-=-100 

=     2.8142 
=     .06519 

flSP'See  note  under 

exan 

.pie  (26). 

The  "  Fourth  v 

ray ' ' 

seems  the  safest 

It  is  often  said  ' '  the  mantissa  is  always  posi- 
tive, ' '  but  from  the  beginning  mathematical  per- 
sons have  occasionally  entertained  logarithms 
which  were  negative  all  the  way  through.  They 
are  not  needed  for  practical  purposes,  and  once 
you  admit  them  there  is  discord  in  the  simple 
logarithmic  life. 


